Abstract. Two large earthquakes struck the South Iceland Seismic Zone in June 2000, the first on June 17 (MW =6.5) and the second on June 21 (MW =6.4). These are the largest earthquakes in the area in the past 88 years. A network of GPS stations was remeasured following the earthquakes. The whole network was last measured in 1995, and partly in 1999. We correct for the interseismic motion from 1995 to 2000, to obtain the coseismic displacements. The largest coseismic motion we observe is about 0.55 m in the epicentral area of the June 17 event. We model the surface deformation for the two earthquakes using rectangular dislocations in an elastic half space. Best fit uniform slip models indicate that the events occurred on two parallel, N-S vertical faults, with right-lateral strike slip motion. This is the same style of faulting believed to have occurred in large historical earthquake sequences in South Iceland.
Introduction
The South Iceland Seismic Zone (SISZ) is a left-lateral E-W transform zone that connects the Western Volcanic Zone (WVZ) and the Reykjanes Peninsula (RP) oblique rift zone in the west and the Eastern Volcanic Zone (EVZ) in the east (Figure 1 ). Numerous large (MS ≥ 6) earthquakes have occurred in the SISZ since Iceland was settled in the ninth century A.D. The first one to be instrumentally recorded occurred in 1912 in the eastern part of the SISZ with surface wave magnitude MS=7.0 [Gutenberg and Richter, 1954; Bjarnason et al., 1993] . This event has been used to calibrate the size of known earlier historical earthquakes in the area, based on accounts of structural damage. The N-S orientation and structure of mapped surface faults [Einarsson and Eiríksson, 1982; Einarsson et al., 1981] and the N-S elongated zone of destruction for many of the historical earthquakes suggest that the relative plate motion is accommodated by right-lateral strike slip faulting on many parallel N-S oriented faults. There have been sequences of several large earthquakes in the SISZ over a period of days to years, starting with a large earthquake in the eastern part of the SISZ and continuing with gradually smaller events further to the west. The time interval between large earthquake sequences in the SISZ ranges between 45 and 112 years [Einarsson et al., 1981] . Such series of earthquakes occurred for example in 1630-1633, 1732-1734, 1784, 1896 and 2000. The largest earthquake in the SISZ, since the 1912 event, occurred at 15:40:41 GMT on June 17, 2000. The hypocenter was located at 63.975
• N, 20.370
• W and 6.3 km depth, with a moment magnitude of MW =6.5. A second large event followed at 00:51:47 GMT on June 21, 2000. The hypocentral location of this event was at 63.977
• N, 20.713
• W and 5.1 km depth, and the magnitude was MW =6.4. The epicentral locations of the two earthquakes are shown with stars in Figure 1 . The aftershocks in their epicentral areas, extended for about 16-18 km N-S, and from the surface down to about 10 km depth. Seismicity increased over a large area in SW Iceland following the June 17 main shock. Surface faulting was observed for both events. This indicates rupture on N-S trending faults, partly pre-existing.
The earthquake sequence in June 2000, was recorded by several local networks, i.e., the SIL digital seismic network [Stefánsson et al., 2000] , a volumetric strain meter network (K.Ágústsson, pers. communication), a continuous GPS network, and a strong motion network. Crustal deformation signals were also recorded by InSAR [Pedersen et al., 2001] and network GPS measurements (this study). In addition, the earthquakes caused significant changes in geothermal systems in the area (G. Björnsson, pers. communication), and were accompanied by premonitory and coseismic radon anomalies.
GPS data and analysis
The SISZ was surveyed with GPS in 1986 GPS in , 1989 GPS in , 1992 GPS in , 1995 GPS in , 1999 GPS in and 2000 . In this study we use data collected in 1995, 1999 and 2000. The GPS survey in AugustSeptember, 1995, was a collaboration between the Technical University of Braunschweig (TUB), the Nordic Volcanological Institute (NORDVULK) and the Science Institute, University of Iceland (SIUI) occupying a total of 61 stations. The 1995 data were previously analyzed by TUB [Alex et al., 1999] . The September, 1999, GPS survey was a collaboration between TUB and the National Land Survey of Iceland (NLSI). A total of 32 stations, 14 of which had been observed in 1995, were occupied. The June 19 -30, 2000 survey was a collaboration between NORDVULK, SIUI and NLSI, 46 stations were occupied, 34 of which had been observed in 1995, and 14 in 1999. All the surveys were performed using dual-frequency GPS receivers, collecting data every 15 s, occupying stations for about 24 hours for one or more sessions. We analyze the GPS data using the Bernese V4.2 software package [Hugentobler et al., 2001 ], and precise orbital information from CODE. Data from the IGS station in Reykjavík (REYK) and 4 continuous GPS stations in SW Iceland [Árnadóttir et al., 2000] were included in the analysis of the 1999 and 2000 data.
Surface deformation and dislocation modeling
We calculate the surface deformation in the SISZ by taking differences of station coordinates for the epochs discussed in the previous section. The 1995 and 2000 surveys occupied the densest networks, but span not only the two earthquakes but also almost 5 years of interseismic motion. We have attempted to correct for the interseismic motion by calculating the 1995-1999 station displacements and estimating station displacements for all the stations observed in 2000. The coseismic motion is obtained by subtracting the interseismic motion from the 1995-2000 signal. The inter- Table 1 . Best fit fault parameters for June 17 and 21, 2000 earthquakes from GPS measurements. The parameters are the fault length along strike, depth to center, width along dip, dip, strike east of north, location of the southern end of the fault, right-lateral strike slip (ss), dip slip (ds) and geodetic moment (M 0 ). A star indicates that the parameter is fixed before the inversion. The non-linear inversion algorithm described byÁrna-dóttir and Segall [1994] was used to estimate the best fit fault parameters and amount of slip for the June 17 and 21 earthquakes, assuming two rectangular uniform slip dislocations in an elastic half-space. The epicenters of the two earthquakes are only about 17 km apart, and they occurred within 3 1/2 days of each other. The geodetic network is not dense enough to allow us to clearly separate the two events in space and time. The model for the June 21 event is not as well constrained by the data as for the first event, since no station is close to the epicentral area. We have not included data from the closest station (indicated by a green vector in Figure 2 ) because we suspect that the motion there is influenced by local deformation. This station is at the top of a mountain and evidence of strong ground shaking and ground cracking was observed nearby. There is a strong trade-off between the amount of slip and the fault width, especially for the June 21 event. We therefore fixed the dip of both faults to vertical, and the depth of the June 21 fault based on aftershock locations. The models are otherwise not constrained by the main shock hypocenters nor locations of surface faulting. Table 1 gives the best-fit fault parameters and Figure 2 shows the observed and calculated horizontal displacements. The surface projections of the dislocation models are shown with green lines. The models fit about 96% of the signal, with a χν 2 = 4.1 (a χν 2 = 1 indicates perfect fit). The geodetic moment given in Table 1 is calculated from the relation M0 = µAu, with µ = 3× 10 10 N/m 2 , A the area and u the total slip. The geodetic moments for our models agree well with the seismic moment for the June 17 and 21 earthquakes of 6.0 × 10 18 Nm and 5.2 × 10 18 Nm respectively (NEIC).
Model

Discussion and conclusions
Repeated GPS surveys reveal large coseismic displacements in the epicentral areas of the earthquakes on June 17 and 21, 2000. Simple uniform slip dislocation models for the two events provide a good fit to the surface displacements, and indicate that the earthquakes ruptured vertical, parallel N-S oriented faults, with primarily right-lateral strike slip motion. N-S faulting is consistent with observations in other parts of the SISZ. Our fault models are slightly east of the main shock locations for both events. Detailed analysis of the aftershocks may reveal changes in the fault geometries along strike, as suggested by the complicated pattern of surface faulting and the broadening of the aftershock zone at the southern end of the June 21 fault. The GPS data indicate high slip at shallow depth for the June 21 earthquake, although we are not able to resolve the details of the slip distribution from our data. The largest aftershock on June 17 (estimated ML = 5 and indicated with star in Figure 2 ) occurred about 5 km SW of the June 17 mainshock. A cluster of aftershocks oriented N-S suggests that slip on a second fault may have occurred at the time, which could influence the deformation measured at the closest stations. Our fault locations and geometries differ somewhat from the results of the InSAR analysis [Pedersen et al., 2001] . Most importantly the faults in our models are shorter than in the corresponding InSAR models. The extent of aftershocks and surface faulting also suggest longer faults than our models indicate. Allowing the slip to taper to zero towards the ends of our models would lessen this discrepancy. The InSAR data also indicate about 105 mm of postseismic back-slip occurred on the central part of the June 17 fault sometime during the period from June 19 to July 24, 2000. The GPS data are not able to resolve this motion, but the signal may be, at least in part, included in our observations. The largest signals in the GPS data are horizontal displacements primarily in the N-S direction, which the InSAR data are least sensitive to. We plan to combine the GPS, InSAR and volumetric strain data in a future study to better constrain the fault geometries and slip distribution of the two events.
